This study is concerned with the effect of thermal radiation on the unsteady mixed convection flow of a Jeffrey fluid past a porous vertical stretching surface. The arising problems of flow and heat transfer are solved analytically by employing homotopy analysis method (HAM). It is observed that the flow field is influenced appreciably by the unsteadiness parameter ζ , suction parameter S, mixed convection parameter λ , Deborah number β , Prandtl number Pr, and the radiation parameter Nr. Our performed computations depict that the heat transfer rate is increased with increasing values of Pr, Nr, and ζ .
Introduction
The flows of non-Newtonian fluids [1 -10] have gained importance because of their extensive applications in industry and technology. The boundary layer flows of non-Newtonian fluids over a stretching surface along with heat transfer characteristics are also of great importance in engineering. Such flows have been studied widely in the last few years. Examples of such flows include hot rolling, wire drawing, crystal growing, extrusion of sheets etc. Crane [11] considered the flow of a viscous a fluid over a linear stretching surface. Subsequently, various stretching flow problems along with heat transfer have been considered in many investigations [12 -20] . Much attention in the past has been given to the two-dimensional stretching flow problems. Little effort is devoted to examine the time-dependent stretching flow problems [21 -25] .
In many practical situations the surface stretches in a quiescent fluid. The fluid flow is caused by motion of a solid surface and by thermal buoyancy. The flow and heat transfer are therefore determined by surface motion and buoyancy. It is obvious that buoyancy forces arise from the heating or cooling of continuous stretching sheets. These forces alter the flow and thermal fields and thereby the heat transfer characteristics of the manufacturing processes. The influence of thermal buoyancy on heat transfer from a continu-0932-0784 / 10 / 0800-0711 $ 06.00 c 2010 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com ous moving surface in viscous and incompressible fluids is analyzed in the studies [26 -30] . Elbashbeshy and Bazid [24] presented an exact similarity solution for unsteady momentum and heat transfer flow over a linear stretching surface. Very recently, Mukhopadhyay [25] examined the effect of thermal radiation on unsteady mixed convection flow and heat transfer over a porous stretching surface in a porous medium. The purpose of the present investigation is to analyze the heat transfer over an unsteady mixed convection flow of a Jeffrey fluid over a stretched vertical surface. Series solution of the problem is obtained by employing the homotopy analysis method (HAM) [31 -45] . This method is a very powerful analytical tool and has been already applied by several investigators to various problems. Graphical results for interesting parameters are presented. Numerical results of skin friction coefficient and local Nusselt number are tabulated for various values of the embedding parameters.
Mathematical Formulations
We consider heat transfer analysis in a Jeffrey fluid. The flow and heat transfer characteristics are due to stretching of a heated or cooled vertical surface with velocity u w = cx 1−αt and temperature distribution
where Re x = u w x ν is the local Reynolds number. The density variation and the buoyancy effects are taken into account and the Boussinesq approximation for both the temperature and concentration gradient is adopted. The fluid is electrically conducting in the presence of applied magnetic field B 0 . The boundary layer equations in the absence of heat generation and viscous dissipation are
The subjected boundary conditions are
where αt < 1, x and y are the Cartesian coordinates, ν is the kinematic viscosity, t is the time, u and v are the velocity components along x-and y-axes, respectively, λ 2 is the relaxation time, and λ 1 is the ratio of relaxation to the retardation time, T is the fluid temperature, g is the gravitational acceleration, β T is the volumetric coefficient of thermal expansion, k is the coefficient of thermal expansion, q r is the radiative heat flux and C p is the specific heat.
Incorporating the Roseland approximation we ob-
∂ y , where σ is the Stefan-Boltzman constant and k * is the absorption coefficient. We assume that the temperature difference within the flow is such that T 4 may be expanded in a Taylor series. Expanding T 4 about T ∞ and neglecting higher orders we get,
inserting into (2) - (5), we have
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where Pr = µC p /k is the Prandtl number, µ is the dynamic viscosity, λ is the dimensionless mixed convection parameter, ζ is the unsteadiness parameter, Nr is the radiation parameter, and β is the dimensionless material parameter known as Deborah number. These are given by
with Gr x = gβ T (T w − T ∞ )x 3 /v 2 being the local Grashof number and Re x = u w x/ν is the local Reynolds number. It is noticed that λ > 0 corresponds to an assisting flow (heated plate), λ < 0 corresponds to an opposing flow (cooled plate), and λ = 0 yields forced convection flow. The skin friction coefficient and the local Nusselt number Nu x are given by
in which τ w and q w are the wall skin friction and the wall heat flux, respectively, which are defined by the following expressions:
The dimensionless forms of above expressions are
Homotopy Analysis Solutions
The velocity f (η) and the temperature θ (η) in terms of the set of base functions
can be written as
in which a k m,n and b k m,n are the coefficients. By the rule of solution expressions and the boundary conditions (10), the initial guesses f 0 and θ 0 of f (η) and θ (η) are chosen as
and the auxiliary linear operators are selected in the following forms:
Note that the above operators have the following properties:
where C i (i = 1 -5) are arbitrary constants. If p ∈ [0, 1] is an embedding parameter andh f andh θ denote the non-zero auxiliary parameters, respectively, then the zeroth-order deformation problems are constructed as follows:
in which the nonlinear operators N f and N θ are
When p = 0 and p = 1, we havê
By Taylor's theorem, we obtain
The auxiliary parameters are so properly chosen that the series (30) and (31) converge at p = 1, so we have
The mth-order deformation problems are
The general solutions of (33) and (34) are
, and φ * m (η) denote the special solutions and
Convergence of the Homotopy Solutions
We note that the solutions (33) and (34) consist ofh f andh θ which can adjust and control the convergence of the series solutions. To find the admissible values ofh f andh θ of the functions f (0) and θ (0), theh f andh θ -curves are displayed for 15th-order of approximations. It is obvious from Figure 1 that the range for the admissible values ofh f andh θ are −0.8 ≤h f andh θ ≤ −0.3. The residual error for the functions f and θ at η = 0 are plotted in Figure 2 . Performed computations further show that the series given by (33) and (34) converge in the whole region of η whenh f =h θ = −0.6.
Results and Discussion
This section shows the effects of pertinent parameters on f and θ . For this purpose, we plotted for various values of emerging parameters are given in Tables 1 and 2 . Figure 3 displays the effects of suction parameter S on the velocity and temperature profiles. Velocity and temperature are found to decrease with the increasing values of S. This follows from the fact that the heated fluid is pushed towards the wall, where the buoyancy forces can act to retard the fluid due to the high influence of viscosity. This effect acts to decrease the wall shear stress. The boundary layer thickness for temperature reduces in case of suction. The effect of Deborah number is explained in Figure 4 . It is seen that the velocity and the boundary layer thickness are increasing functions of the Deborah number. How- ever, the temperature profile decreases upon increasing Deborah number β . The influence of unsteadiness parameter on the fluid velocity and temperature is discussed in Figure 5 . Appreciable change for the rate of increase in velocity and temperature is observed. The influence of mixed convection parameter λ is shown in Figure 6 . The increasing values of λ indicate the larger temperature and concentration gradient from the wall relative to the ambient. In other words, the increasing values of λ corresponds to the stronger buoyancy force and thus lead to the larger velocity. The larger velocity accompanies with the decreasing boundary layer thickness for temperature. The effect of Hartman number is explained in Figure 7 . It is obvious that the application of magnetic field causes higher restriction to the fluid, which reduces the fluid velocity (Fig. 7a) and enhanced the temperature. The effect of Prandtl number Pr on the velocity and temperature fields is plotted in Figure 8 . The boundary layer thickness decreases by increasing Prandtl number for the temperature field. From the physical point of view, the higher Prandtl number coincides with the weaker thermal diffusivity and thinner thermal boundary layer thickness. The influence of radiation parameter Nr on the velocity and temperature profiles is discussed in Figure 9 . This figure depict that both, the velocity and temperature fields, decrease for large values of Nr. Tables 1 and 2 show the values of the skin friction coefficient Re 
